This paper analyzes the performance of the switched Ethernet networks with the linear bus and tree topologies as the industrial communication networks. The performance metrics to be analyzed are the control cycle time on a cyclic master/slavebased network control system and the amount of buffer memory required on the Ethernet switches. We also simulate the performance of the switched Ethernet networks using the ns-2 network simulator tojustify the analysis result.
2. Background 2.1 Ethernet switch model We assume a Ethernet switch model which uses a store-and-forward switching and an output queuing. The frame which arrives at an input NIC is sent to the appropriate output queue by the switching fabric, and the frames in the output queue are transferred in the first-in-first-out order to the next switch by the output NIC. Ihe delay on a switch consists of a switching delay through the switching fabric and the queuing delay in the output queue. The switching delay of a 10OMbps Ethernet switch is about 100, and that of a 1OMbps Ethernet switch is about 700.
Masterdslave-based network control system
An industrial communication network consists of many field devices (FDs) such as sensors and actuators and a control master which collects data from the slaves, processes the data, and sends a new control data to the slaves [3, 4] . To Fig. 1 , the frame delay between two adjacent nodes consists of the frame transmission time on a link (Tf), a switching delay (Ta) through the switching fabric, and the buffering delay (Tb) that stays in the output buffer until it is ready to be transmitted. The unicast and multicast frame transmission time, T,f and Td,, is as follows:
T.f= FU-tb +LFG, and T.f = Fm-tb +lFG.
In the above, tb is a one-bit transmission time, and IFG denotes the inter-frame-gap which is (96. tb). I) The time required to send a frame from the FDs to the masterOTFDTM
The control data of each FD is first sent to the switch connected to the FD and stored in the output buffer of the switch. The time that is required for a FD to send a frame to the output buffer of the switch is (Tuf+Ts). After that, each switch has (d-2) frames in its output buffer, and all of the switches transmit the frames stored in their buffer to the next switch simultaneously. Fig. 3 
2) The time required to send a frame from the master to the FDslTM-FD
In the case of a unicast transmission, the master processes the control data and sends a new value as soon as it receives the data from each FD. If the last control data to be transferred by the master should be sent to the switch SWK that is the last FD from the master, the time when the control data arrives at the FD should be If the master sends the new control data in a multicast frame, it generates the control data frame after it receives all of the control data from the FDs, Therefore, the longest time it takes for the control data frame to arrive at each FD is TM-FD = (K+1) TmK TS (5) From (1) and (4), when the master sends the control data in a unicast frame, the control cycle time (Tuc) becomes To simplify the analysis, we assume the tree is (d-1)-ary complete tree. The number of switches required to interconnect one master and N FDs are
In (8) Fig. 6 show the required buffer sizes of the two topologies. In the case of required buffer size, the switched Ethernet of tree topology needs more than that of the linear bus topology. ' ::"a)1 kam Ĩ 1 ' . 5. Simiuation using NS2 We have simulated the performance of the switched Ethemets using ns-2 network simulator to justify the performance analysis. We have modified the ns-2 node to have a delay, which corresponds to the switching delay. Fig. 8 shows the maximum buffer size of each topology when the frame is 64 bits. The simulation result shows a little smaller buffer size than the analysis result. In the analysis, we have assumed that all of N FDs are at the same level (the leaves), which causes a little more required buffer size. 6. Conclusions This paper has analyzed the performance of the switched networks with the linear bus and the tree topologies with respect to the control cycle time, the number of switches required, and the required buffer size. The linear bus topology has the advantage that it has a similar topology to the control networks and the required buffer size is small compared to the switched networks with the tree topology, it requires longer control cycle time than the networks with the tree topology.
In the case of the unicast transmission, when the number of FDs are 150, the control cycle time of the switched networks with the linear bus topology is about Ims, and that of the tree topology has about 1 02.5ms according to the number of ports in a switch. In the case of the multicast transmission, the control cycle time of the switched networks with the linear bus topology is about I 01.5ms according to the number of ports in a switch. However, the control cycle time of the switched networks with the tree topology shows about 1[3ms when the control data size is 8 bits and about 2 10ms when the control data size is 64 bits.
does not require the problem statement description in an analytical form.
Within the framework of the given paper the automatic classification system was adapted for the problem solving of the deformation estimation in a loaded solid, based on allocation of informative attributes on the surface image and finding of optimum mathematical decisions for their description.
DEVELOPMENT OF The existing methods of the experimental mechanics do not allow solving a problem of the analysis and/or obtaining an adequate numerical estimation of deformation development in conditions of intensive formation of strain-induced relief on material surface. Thus, the design of image processing/analysis system, based on the informative efficiency dynamic attributes estimation, allows development of an approach for the numerical description of the localized deformation development processes for the research purposes and applied tasks of nondestructive testing.
Method description Mechanical behavior of aviation aluminum D16AT alloy samples under cyclic loading was investigated. It is necessary to note, that fatigue is the reason of 90% of failure of machines parts and structure elements in the industry. Mechanical tests were carried out by hydraulic testing machine Schenck-Sinus-100 under cyclic stretching. Samples were tested within low-cyclic fatigue. Evolution of strain-induced relief on the surface and dynamics of crack growth were studied on flat face of samples with use of Television-Optical Meter for Surface Characterization (TOMSC) on the basis of optical microscope Epiquant. The magnification of the microscope allowed obtaining surface images with the size of 600*600 pSn ( fig. 1) . 
